accounts for their increased urinary excretion in renal tubular disorders. Unfortunately, finding them in excess is not specific to renal tubular disease because all three are excreted in increased quantity whenever the endogenous creatinine clearance is reduced-to 25-30 ml/minute in the case of RBP and /i2M,2 and to less than 55 ml/minute in the case of a1m.3
/J,-microglobulin, N-acetyl-p-D-glucosaminidase and albumin were measured in 51 patients with primary glomerular disease, 23 with obstructive nephropathy, and 15 with polycystic kidney disease, and expressed per mmol of creatinine. Plasma /12-glycoprotein-I was assayed in 52 patients and plasma creatinine in all 89. The findings were compared between the diagnostic groups and with previously published data relating to primary tubular disorders. Results: All 31 patients with plasma creatinine greater than 200 umolIl excreted increased amounts of 12-glycoprotein-1, retinol-binding protein, and aL-microglobulin, and 29 had increased N-acetyl-/l-D-glucosaminidase; the quantitites were generally similar to those found in comparable patients with primary tubular pathology. Among 58 with plasma creatinine concentrations under 200 pmolIl, increases in a12-glycoprotein-l, retinolbinding protein, and a1-microglobulin excretion were less common and much smaller, especially in those with obstructive nephropathy and polycystic disease. The ratios of the excretion of albumin to the other proteins provided the clearest discrimination between the patients with glomerular or tubular malfunction, but an area of overlap was present which embraced those with obstructive nephropathy and polycystic disease. Conclusions: Increased excretion of /12-glycoprotein-l due to a raised plasma concentration or diminution of tubular reabsorption, or both, is common in all the forms of renal disease investigated, and both plasma creatinine and urinary albumin must be taken into account when interpreting results. Ratios of urinary albumin:p2-glycoprotein-1 greater than 1000 are highly suggestive of primary glomerular disease and those less than 40 of primary tubular disease. Used in this way, 62-glycoprotein-l assays provide superior discrimination between glomerular and tubular malfunction when compared with retinol binding protein but the best discrimination is provided by albumin: a1-microglobulin ratios.
In recent years increased urinary excretion of retinol binding protein (RBP), a,-microglobulin (a,M), or fi2-microglobulin (f2M) have been used as markers of proximal renal tubular malfunction. These low molecular weight plasma proteins are freely filtered at the glomerulus and normally virtually completely reabsorbed by the proximal renal tubule cells, where they are catabolised.' Defective reabsorption accounts for their increased urinary excretion in renal tubular disorders. Unfortunately, finding them in excess is not specific to renal tubular disease because all three are excreted in increased quantity whenever the endogenous creatinine clearance is reduced-to 25-30 ml/minute in the case of RBP and /i2M,2 and to less than 55 ml/minute in the case of a1m.3
Increased excretion of N-acetyl-f,-D-glucosaminidase (NAG), an enzyme found in the lysosomes of proximal renal tubule cells, should be more specific for tubular pathology because its molecular mass is large enough to preclude passage through the normal glomerular basement membrane. However, increased excretion of NAG only reflects active tubular damage and it has also been reported in patients with glomerulonephritis. and in whom the diagnoses had been made by physicians with special expertise in the diseases concerned.
Among the 37 patients with primary glomerular pathology and a plasma creatinine of less than 200 4umol/l, an increased excretion of NAG, a M, f,2G1 and RBP was found, respectively, in 73%, 59%, 57%, and 49% of the subjects. The excretion of #2M was within the reference range in 33 of the patients, but in this context it should be noted that the pH of the specimens was below 5-5 in 11 cases and had not been recorded in two others. When an albumin ( Among the 13 patients with obstructive nephropathy and a plasma creatinine under 200 ,umol/l the incidence of increased excretion ofthe constituents measured was generally less than in the patients with primary glomerular and primary tubular pathology and its magnitude consistently so. Three had normal excretion of all the constituents measured except albumin, and three had increased excretion of f2G1, RBP, and a1M. Of the 10 with obstruction and a plasma creatinine exceeding 200 umol/l, the excretion of all the constituents measured was raised in seven and the output of fi2G, RBP, and a,M was increased in all. The amounts excreted were less than in patients with primary glomerular and primary tubular pathology except in the case of RBP, and sometimes f2M, which reached exceptionally high values in the six patients with plasma creatinine concentrations above 600 ,umolIl.
Among the eight patients with polycystic kidney disease and a plasma creatinine concentration of less than 200 pumol/l, the incidence and magnitude of increased excretion of the constituents measured was less than that found in patients with primary glomerular and primary tubular pathology. Two had f2GI, RBP, a,M and NAG all within the reference range, one had all the measured constituents raised, and one had increased excretion off2Gl, RBP, and a,M. All seven who had a plasma creatinine greater than 200 umol/l had increases of all the constituents measured, the rise in RBP, a,M, and f2M being particularly pronounced in the four subjects with plasma creatinine concentrations in excess of 600 pmolIl. Figure 1 shows the excretion of fl2G1, RBP, a1M and NAG by each of the 89 patients studied, plotted against their plasma creatinine concentration. These plots show that in all three diagnostic groups, when the plasma creatinine concentration exceeds 200 umol/l, the excretion of the proteins is consistently raised and, with few exceptions, the same is true of urinary NAG activity. That the excre- albumin excretion. A tendency for the excretion off2G1, a,M, and NAG to rise in parallel with increasing albumin loss can be seen but the correlation is poor. Figure 4 shows the ratios of the excretion of albumin to that of ,62G1, RBP, and a,M among the patients with primary glomerular pathology, plotted alongside the corresponding results obtained from those with obstructive nephropathy and polycystic kidney disease, and those derived from patients with chronic renal tubular disorders studied earlier. 5 In a few cases albumin excretion values close to zero precluded calculation of the ratios. The figure shows the expected tendency for the proportion of albumin to be higher among those with primary glomerular with a plasma creatinine concentration exceeding 200 1umol/l and an apparently normal l2M excretion had provided urine specimens of pH 5-6. The infrequency of finding a raised /J2M excretion supports the case for dropping this measurement in the assessment of renal function'3 because of the impractability of routinely administering alkali before collecting urine specimens.
Our findings suggest that more than one mechanism may be responsible for the increased excretion of the constituents measured. It has previously been established that in patients with renal failure the plasma concentrations of RBP, aiM, and fl2M are increased,'4-'8 and assay of serum low molecular weight proteins has been proposed to detect and monitor changes of the glomerular filtration rate.3 '9 The basis of the rise in plasma concentrations is that their main route of elimination is via the glomeruli, final disposal being attributable to catabolism within the renal tubule cells. A raised plasma concentration of the free form of these proteins can be expected to result in their increased filtration by glomeruli that remain functional and this in turn could lead to saturation of the tubular reabsorptive capacity of such intact nephrons and consequent increased urinary loss. 1, suggest that it is handled by the kidney in a similar way to the low molecular weight proteins. It might not be expected to be filtered so readily because it has a molecular mass of 50 kilodaltons,22 but it has a range of isoelectric points which are relatively high and so it is probably retarded less than more anionic proteins by the glomerular charge barrier. 6 The increase of urinary excretion of low molecular weight proteins and JJ2G1 found in some of our subjects with plasma creatinine concentrations within the reference range is unlikely to be explained by an overflow mechanism. One possibility is that there might be competition from albumin and other proteins for reabsorption by the proximal tubule cells. In rats Bernard et Our findings regarding NAG excretion are as expected: increased urinary NAG has previously been reported among patients with various forms of renal disease,4 26 27 diabetes with microalbuminuria,28 and essential hypertension.29The conventional view would be that the increase of NAG represents enzyme that has escaped from the lysosomes of damaged proximal renal tubule cells. In those patients with considerable albuminuria the increase could conceivably represent escape of the 140 kilodalton enzyme into the glomerular filtrate, particularly in those with diabetes or atherosclerosis in whom increased plasma concentrations may have been present.30 However, the demonstration that the isoenzyme pattern in the urine in glomerulonephritis differs from that of the plasma,4 suggests that NAG excretion reflected the direct escape of enzyme from tubule cells injured by the primary disease process.
The ratios of the excretion of albumin to that of the other proteins measured provided the most effective means of differentiating between patients whose renal disease was of glomerular origin and those where tubular disease was primary. As would be expected, high ratios were found in the former and low ratios in the latter. The ratios of albumin:f12G1 gave better discrimination than the ratios of albumin: RBP; albumin:fl2Gl ratios of less than 40 were only found in patients with primary tubular disease and ratios greater than 1000 were only found in those with primary glomerular pathology. The best discrimination with least overlap was given by ratios of albumin:a,M; ratios less than 17 
